We will present the existence and uniqueness result for a model describing the phenomena in a deformed body which is exposed on temperature changes.
The problem of determining a crack by overspecified boundary data is considered. When complete data are available on the external boundary. A link that is established between the reciprocity gap functional and the Fourier transform of the temperature is introduced. If the crack is known (or assumed) to be a line, an explicit inversion formula is obtained and determination of the host line equation and the length of the crack in the two-dimensional (2D) situation. Numerical tests of the identification methods are proposed and show very good accuracies and significant computational costs.
A mathematical model of bimolecular catalytic reactions
Algirdas Ambrazevicius Vilnius University, Lithuania algirdas.ambrazevicius@mif.vu.lt V. Skakauskas
Coupled systems of parabolic and ordinary differential equations usually are considered in the same domain. Heterogeneous unimolecular or multimolecular catalytic reactions are modeled by a coupled system of parabolic and ordinary differential equations [1] . Some of these equations are considered on a part of the boundary. We consider a system of two parabolic and three ordinary differential equations, the latter being determined on the boundary of the domain. This system describes the model of surface reactions between carbon monoxide and nitrous oxide. We prove the existence and uniqueness theorem of a classical solution to this model. for hyperbolic case. However in the best of our knowledge it lacks a mathematical study of the stabilization when t goes to infinity of a viscoelastic-gravitational models crustal deformations of multilayered Earth. Here we prove that, under some additional conditions on the data, the difference of the viscoelastic and elastic solutions converges to zero, as t goes to infinity, in a suitable functional space. Our proof uses a reformulation of the hyperbolic/elliptic system in terms of a nonlocal hyperbolic system leading to which we apply the La Salle invariance principle for a Lyapounov function involving the nonlocal terms.
References
On construction and investigation of dynamical models for elastic multistructures Gia Avalishvili I. Javakhishvili Tbilisi State University, Rep of Georgia gavalish@yahoo.com Mariam Avalishvili, David Gordeziani
In the present paper we consider problems of vibration of elastic multi-structures consisting of several parts with different geometrical shapes. Many engineering constructions are multi-structures consisting of plates, shells and rods. Applying hierarchical dimensional reduction method we construct dynamical model for elastic multistructure, which consists of elastic body with general shape, prismatic shell clamped in it and several rods. The prismatic shell is supported on rods clamped in the body. Along interfaces between body, prismatic shell and rods rigid contact conditions are given. The three-dimensional models of prismatic shell and rods are approximated by two-dimensional and one-dimensional ones, respectively, and dynamical models of multi-structure defined on the union of three-dimensional, two-dimensional and several one-dimensional domains are constructed. We prove the existence and uniqueness of solutions of the initialboundary value problems corresponding to the obtained hierarchical models in suitable spaces. Moreover, we prove the convergence of the sequence of vector-functions of three space variables restored from the solutions of the constructed problems to the solution of the original three-dimensional problem in corresponding spaces and estimate the rate of convergence.
Fast Solution Methods for the Space-Time Fractional Diffusion Equations
Treena Basu Rhodes College, USA treena.basu@gmail.com Hong Wang Fractional diffusion equations model phenomena exhibiting anomalous diffusion that can not be modeled accurately by the second order diffusion equations. Because of the non-local property of fractional differential operators, the numerical methods have full coefficient matrices which require storage of O(N 2 ) and computational cost of O(N 3 ), where N is the number of grid points. Together we develop a fast finite difference method for the onedimensional space and time fractional diffusion equation, which only requires storage of O(N ) and computational cost of O(N log N ), while retaining the same accuracy and approximation property as the regular finite difference method. Numerical experiments are presented to show the utility of the method. For example, with 1024 computational nodes, the new scheme developed for the one-dimensional problem has about 40 times of CPU reduction than the standard scheme.
Trapped waves in a two-layer fluid bounded below by an elastic bed Swaroop Bora Indian Institute of Technology Guwahati, India swaroop@iitg.ernet.in Sunanda Saha
In the present paper, a hydroelastic model is developed to examine the trapped modes supported by a horizontal submerged cylinder placed in either of the layers of a two-layer fluid flowing over an elastic bottom at a finite depth. The elastic bottom is modeled as a thin elastic plate and is based on the Euler-Bernoulli beam equation. Using multipole expansion method, an infinite system of homogenous linear equations is obtained. For a fixed geometrical configuration and a specific arrangement of a set of other parameters, the frequencies for which the value of the truncated determinant is zero are numerically computed and the trapped wavenumbers corresponding to those frequencies are obtained by using the dispersion relation. These trapped modes are compared with those for which the lower layer is of infinite depth. We also look into the effect of the variation of elastic plate parameters on the existence of trapped modes. Significant difference is observed with respect to the existence and also in the pattern of the trapped modes between the present case and the one when the cylinder is placed in an infinite depth lower layer in a two-layer fluid.
The properties of matter-wave solitons with the minimum number of particles in two-dimensional quasiperiodic potentials
The 2D matter-wave soliton families supported by an external potential is systematically studied, in a vicinity of the junction between stable and unstable branches of the families. In this case the norm of the solution attains a minimum, facilitating the creation of such excitation [1] . The model is based on the Gross-Pitaevskii equation for the self-attractive condensate loaded into a quasiperiodic (QP) optical lattice (OL). The same model applies to spatial optical solitons in QP photonic crystals. Dynamical properties and stability of the solitons are analyzed with respect to variations of the depth and wavenumber of the OL. In particular, it is found that the single-peak solitons are stable or not in exact accordance with the Vakhitov-Kolokolov criterion. The double-peak solitons, which are found if the OL wavenumber is small enough, are always unstable again splitting.
Micro/Macroscopic Models for Control in Arterial Networks
Radu Cascaval University of Colorado Colorado Springs, USA radu@uccs.edu
We describe a Boussinesq-type system for modeling the dynamics of pressure-flow in arterial networks, considered as a 1d spatial network. The system captures the pulsatile behavior as well as various controls (boundary and distributed) present in physiological systems. Numerical solutions of the system of PDEs are compared with simplified models based on particle-tracking arguments, and are used to study flow optimization tasks, depending on the geometry and size of the network. Physiologically realistic control mechanisms are also tested in the context of these simplified models.
Frequency domain numerical spectral solutions for certain class of Partial Differential Equations
Vinita Chellappan Indian Institute of Science, Bangalore, India vinita@aero.iisc.ernet.in S. Gopalakrishnan, V. Mani
In this paper we consider numerical solutions for different cases for the three dimensional Heat equation and the two dimensional time dependent Schrodinger equation along with the potential function. The numerical solution is obtained by using Laplace or Fourier approximation in the temporal domain and spectral approximation using Legendre and Chebyshev polynomials in the spatial domain and also using the Laplace spectral element method. The results of the numerical approximation are presented. It is compared and analyzed with the analytical results available. In the frequency domain we compute only FFT points upto N s 2 for the heat equation whereas we require twice the number of FFT points for the Schrodinger equation. We then show in frequency domain using phase portraits that the modes oscillate in time for the Schrodinger equation whereas the modes decay in time for the Heat equation. Also, the eigen values for different frequencies in the frequency domain are computed to analyze the solution trajectory.
On a Mathematical Model of a Cusped Double-Layered Prismatic Shell
Natalia Chinchaladze I. Javakhishvili Tbilisi State University, Rep of Georgia chinchaladze@gmail.com A vibration problem for a double-layered cusped prismatic shell in the zeroth approximation of Vekua's hierarchical models for elastic laminated prismatic shells (see, e.g., [1] , [2] ) is considered. The problem mathematically leads to the question of setting and solving BVPs for even order equations and systems of elliptic type with order degeneration in the statical case and of IBVP for even order equations and systems of hyperbolic type with order degeneration in the dynamical case. The wellposedness of the BVPs under the reasonable boundary conditions at the cusped edge and given displacements at the non-cusped edge is studied. The classical and weak setting of the BVPs is considered. Appropriate weighted functional spaces are introduced. Uniqueness and existence results for the variational problem are proved. The structure of the constructed weighted space is described, its connection with weighted Sobolev spaces is established.
Steady Gravity-Capillary Surface Waves over a Bump -Critical Surface Tension Case
Jeongwhan Choi Korea University, Korea jchoi@korea.ac.kr Shu-Ming Sun, S.I. Whang
We study steady forced surface waves on an incompressible, inviscid fluid in a two-dimensional channel with a small bump on a horizontal rigid flat bottom and nonzero surface tension on the free surface. It has been known that the wave motion is determined by a non-dimensional wave speed F , called Froude number, and a non-dimensional surface tension τ , called Bond number, where F = 1 and τ = 1/3 are the critical values of F and τ , respectively. If F = 1 + λ 1 2 and τ = 1/3 + τ 1 with > 0 a small parameter, then a time-dependent forced Kawahara (F-Kawahara) equation (also called forced fifth-order Korteweg-de Vries equation) can be derived to model the wave motion on the free surface. In the paper, the steady F-Kawahara equation is studied both theoretically and numerically. It is shown that if τ 1 is fixed, then there exists a cut-off value λ 0 < 0 of λ 1 such that for λ 1 < λ 0 there are two single-hump steady solutions, one with small amplitude and the other one with large amplitude. By using the unsteady F-Kawahara equation, it is obtained that the small steady solution is stable while the large one is unstable. Moreover, the steady F-Kawahara equation has many multi-hump solutions for large λ 1 < 0 and two-hump solutions appear unstable An asymptotic and numerical study of of the vibration spectrum two beams coupled by a dissipative joint -a comparison of the Euler-Bernoulli and Timoshenko models Matthew Coleman Fairfield University, USA mcoleman@fairfield.edu Chris Abriola, Aglika Darakchieva and Tyler Wales
We perform a numerical and asymptotic study of the vibration spectra of two identical beams coupled via each of the four standard types of linear dissipative joint. We consider both the Euler-Bernoulli and Timoshenko models; numerical results are computed using the Legendretau spectral method, while analytic/asymptotic results are derived using the Wave Propagation Method of Keller and Rubinow. We provide a comparison of results for all 40 combinations of boundary and joint conditions, both within each model with an eye toward the asymptotic spectral equivalence of joints-and between the two models. It is found that, in every case, the spectrum consists of two branches or streams of frequencies, and that in a number of cases the spectra are, indeed, asymptotically equivalent. In addition, in many cases we find the existence of at least one branch that is asymptotically undamped. Further, it seems that the Euler-Bernoulli and Timoshenko models' predictions are different in the case of some of these undamped braches. The Euler-Bernoulli computations were performed by three undergraduate students (C. Abriola, A. Darakchieva, and T. Wales) during a summer Research Experience for Undergraduates at Fairfield University directed by the presenter (M. Coleman).
Fluid modeling of aircraft networks
Alexandra de Cecco ONERA Toulouse, France Alexandra.De Cecco@onera.fr
Dufour Guillaume
This work focuses on the derivation of a system of partial differential equations in order to model the transit time of messages on AFDX networks such as those used in avionics. Obtaining a set of global equations allows to reduce the complexity of the problem. It also allows to give performance insights in short time, independently of the number of messages transiting on the network. In order to derive this so-called Fluid Model, we first describe the particulate behavior of the messages and we introduce a distribution function. By using an asymptotic analysis, we identify the equation solved by the distribution describing the global behavior of the system. Then, we derive a set of PDEs corresponding to the evolution of this distribution's first moments. The hypothesis of FIFO stacks in the network is enough to prove existence and uniqueness for both the kinetic equation and the set of resulting fluid PDEs. Moreover, by using a closure assumption defining the shape of the distribution, we also prove the equivalence between the kinetic scale and the fluid one. Finally, some numerical results illustrating the ability of the model to accurately capture the network performance will be shown.
Homoclinic snaking in a generalised Swift-Hohenberg equation
Andrew Dean University of Leeds, England matade@leeds.ac.uk Homoclinic snaking, in which a multiplicity of localised states exists within a narrow region of parameter space, is observed in myriad experimental and theoretical contexts, and been the subject of much research activity in recent years. The majority of analytical work to date has been in the context of systems which are variational in time, and reversible and conservative in space; these properties are often lacking in real-world scenarios. The prototypical example of such an idealised system is the Swift-Hohenberg equation, in which the snaking phenomenon is well understood. We present work on a generalised Swift-Hohenberg equation, in which nonlinear terms involving derivatives are added, yielding a system lacking the aforementioned properties. The leading-order pattern-forming behaviour is derived using a multiple-scales analysis near bifurcation; this is extended to include exponentially small effects in order to correctly describe the snaking phenomenon. We compare the snaking bifurcations in our generalised equation with the classic picture, and discuss some of the complexities of analysing non-variational, non-conservative and irreversible systems.
Fractional Diffusion: A Continuous Time Random Walk Approach
Isaac Donnelly University of New South Wales, Australia i.donnelly@unsw.edu.au Bruce I. Henry, Chris N. Angstmann, Trevor.
A.M. Langlands
Fractional diffusion is characterized by a mean squared displacement of an ensemble of particles that scales nonlinearly with time. This is a widely seen phenomena in experimental systems. We will present recent results in this area including the fractional Fokker-Planck equation, reaction-subdiffusion equations as well as corresponding equations in the network setting. These results were obtained using a Continuous Time Random Walk as a model for the underlying stochastic process of a particle. This approach allows for the incorporation of space and time dependent components in the separable jump and waiting time densities governing the behavior of a particle. By taking the diffusive limit, we are able to obtain the fore mentioned governing equations. Due to the discrete, non-local nature of a network, the governing equations allow for a range of interesting results not seen in the continuum. We will also investigate open problems in including specific types of spatial diffusion and forces.
Regularization of nonautonomous, nonlinear ill-posed problems
Matthew Fury Penn State Abington, USA maf44@psu.edu
Ill-posed problems such as the backward heat equation are often treated with approximation methods since direct computation of a solution may be difficult. For example, given a differential operator A, Lattes and Lions's quasi-reversibility method A − A 2 , > 0, may be applied to define an approximate well-posed model whose solution for any given initial data may be used to estimate a solution of the original ill-posed problem. In this presentation, we will consider the regularization of a non-linear, non-autonomous ill-posed problem
is a family of operators in a Hilbert space. We will study the reason that alternate approximations to ones that are conventionally used may be needed; such approximations include a modified quasireversibility method − 1 pT ln( + e −pT A ), > 0, p ≥ 1 recently introduced by Boussetila and Rebanni. This study may be applied to a wide class of nonlinear partial differential equations in L 2 spaces including the nonlinear backward heat equation with a time-dependent diffusion coefficient.
Efficiency over cylinders: Steiner symmetrization and shape differentiation
David Gomez-Castro Universidad Complutense de Madrid, Spain dgomez91@gmail.com
Jesus Ildefonso Diaz
We consider a parabolic reaction-diffusion mathematical model
which appears in applications, for example, on Chemical Engineer. We analyze the different efficiency of the domain, which is defined
We extended the Steiner symmetrization techniques for domains G = G × G previously used by Alvino, Trombetti, Diaz and Lions (1996) for the elliptic linear problem coupled with techniques from Schwarz symmetrization in the nonlinear problem (see J.I. Diaz (1985)). We show that, for this kind of domain, G = B R provides the lowest effectivity for fixed G and |G |. However, we point out that, as a result of a theorem by C. Bandle in 1985 effective cylindrical reactors may have a circular basis as long as they are low (that is, it is contained between two close parallel hyperplanes), and generalize the result to maximal monotone operators on the limit case. For this class of domains we provide a sufficient condition for optimal effectiveness.
Analysis of a new semi-discrete finite element approximation of a linear fluidstructure interaction problem
Maria Gonzalez Taboada Universidade da Coruña, Spain maria.gonzalez.taboada@udc.es
Virginia Selgas
We study the interaction of a time-dependent Stokes fluid with an elastic structure through a fixed interface. We consider a variational formulation of the problem with the fluid velocity, the fluid pressure, the structural velocity and the Cauchy stress tensor as unknowns, and prove that it is well-posed under the usual regularity assumptions on the data. Then, we analyze the discretization by the finite element method. We prove that any conforming finite element approximation of the problem converges to the exact solution and we derived some error estimates. Using the backward Euler method for the time discretization, we obtain a fully discrete scheme. At every time step, we first solve a saddle point problem for the global velocity and the pressure; then, we compute an approximation of the Cauchy stress tensor by using an explicit formula. In order to solve the saddle point problem, we can consider any stable pair for the Stokes problem in the fluid domain and a finite element space for the structural velocity in the solid domain compatible on the interface with the finite element space for the fluid velocity. Displacements of the structure can be recovered by a quadrature formula.
Stabilization and a posteriori error analysis for convection-diffusion equations
Maria Gonzalez Taboada Universidade da Coruña, Spain maria.gonzalez.taboada@udc.es Johan Jansson and Sergey Korotov
We introduce a new augmented dual-mixed variational formulation for a linear convection-diffusion equation with homogeneous Dirichlet boundary conditions. The approach is based on adding suitable Galerkin least squares type terms to the classical dual-mixed formulation of the problem. We prove that, for appropriate values of the stabilization parameters, that depend on the diffusion coefficient and the magnitude of the convective velocity, the new variational formulation and the corresponding Galerkin scheme are well-posed and a Céa estimate can be derived. This means that any conforming approximation will lead to a convergent scheme. In particular, we derived the rate of convergence when the flux and the concentration are approximated, respectively, by Raviart-Thomas and continuous piecewise polynomials. In addition, we develop an a posteriori error analysis of residual type and derive a simple a posteriori error estimator, which is reliable and locally efficient. We develop a general approach to compact difference schemes' construction. We approximate the differential problems Au = f or Au = Bf by difference one P u h = Qf h and determine the difference operators P and Q. The following typical for mathematical physics operators A are considered:
x . We constructed 4-th order CDSs and confirmed this order at various boundary and initial-boundary problems. We compare these CDSs with classic ones, e. g. with the Crank-Nicolson scheme. The relative high-order approximations for corresponding boundary and initial conditions were constructed, too. Also, these CDSs are applicable to some non-linear problems.
Hierarchical models for the plane and shell
Bakur Gulua Sokhumi State University, Rep of Georgia bak.gulua@gmail.com
In the present paper, by means of Vekua's hierarchical method for thin and shallow shells, the infinite system of second-order partial differential equations is obtained, when on upper and lower face surfaces displacements are assumed to be known. Then we consider N = 1 order approximation for plates. We obtain the elliptic system of equations of the twelfth order. The general solution of this system is expressed by six arbitrary analytic function of z = x + iy, where x and y are Cartesian coordinates. Concrete problem has been solved. lutions from this attractor using the well known Moser's iteration method. We present an H 1 -Galerkin expanded mixed finite element method for a nonlinear Sobolev equation, which models an incompressible fluid flow process in subsurface polymer media. The method possesses the advantages of H 1 -Galerkin and expanded mixed finite element methods, such as approximating the unknown, its gradient and flux directly, the finite element space being free of LBB condition, as well as avoiding the difficulties arising from calculating the inverse of a small diffusive coefficient when simulating the diffusive problems within a low permeability zone. We conduct theoretical analysis on the existence and uniqueness of the numerical solution and prove an optimal-order error estimate which is challenging in traditional H 1 −Galerkin mixed methods for nonlinear problems. A numerical experiment is conducted to support the theoretical proven results.
Boundary layer theory for convectiondiffusion equations in a circle
Chang-yeol Jung UNIST, Korea changyeoljung@gmail.com
Roger Temam
This article is related to the boundary layer theory for singularly perturbed convection-diffusion equations in the unit circle. Two characteristic points appear, (±1, 0), in the context of the equations considered here and singular behaviors may occur at these points depending on the behavior of the given function f at these points, namely, the flatness or compatibility of f at these points as explained below. Two previous articles addressed two particular cases: one dealt with the case where the function f is sufficiently flat at the characteristic points, the so-called compatible case; the other one dealt with a generic noncompatible case (f polynomial). This paper continues with the general case (f non-flat and non-polynomial) for which we additionally introduce new specific boundary layer functions of parabolic type. 
where ν ∈ [0, 1) and the nonlinear term f fulfills the required regularity and growth assumptions.
Dynamics of bright and dark solitons in multicomponent Yajima-Oikawa system
Sakkaravarthi Karuppaiya Bishop Heber College, India ksakkaravarthi@gmail.com
K. Sakkaravarthi and T. Kanna
We investigate the dynamics of soliton propagation and their collision behavior in the multicomponent Yajima-Oikawa (m-YO) system describing the nonlinear interaction between a long wave and multiple short waves. We construct the bright and dark soliton solutions of m-YO system by using Hirota's direct method and investigate their propagation dynamics. We explore the collision dynamics of solitons and demonstrate the energy sharing collision of bright solitons appearing in the shortwave components. Also, we discuss the formation of dark soliton bound states and periodic structures.
On nonlinear elliptic equations of p(x)-Laplace type satisfying Cerami condition
Yun-Ho Kim Sangmyung University, Korea kyh1213@smu.ac.kr
We are concerned with nonlinear elliptic equations of p(x)-Laplacian type subject to Dirichlet boundary condition
where Ω is a bounded domain in R N with Lipschitz boundary ∂Ω, the function φ(x, t) is of type |t| p(x)−2 with continuous function p : Ω → (1, ∞) and f : Ω × R → R satisfies a Carathéodory condition. The purpose of this talk is to show the existence of at least one solution, and under suitable assumptions, infinitely many solutions for the problem above without the well-known Ambrosetti-Rabinowitz type growth conditions by using Mountain pass theorem and Fountain theorem with Cerami condition.
A DDFV scheme for the simulation of heterogeneous viscous flows
Stella Krell
Univ. Nice Sophia Antipolis, France krell@unice.fr Thierry Goudon
We introduce a "Discrete Duality Finite Volume" scheme for the simulation of heterogeneous viscous flows. By contrast to standard Finite Volume methods, DDFV schemes are free of any "orthogonality" constraints on the mesh; they work with a large class of 2D or 3D meshes including non-conformal and distorted meshes. Therefore, the method is very appealing in order to handle complex geometries, or to be used in combination to mesh refinements methods to follow accurately regions of strong gradients. We consider models consistuted by the mass and momentum balance equations with an additional constraint on the divergence of the velocity field. A relevant example is given by the so-called Kazhikov-Smagulov system. At the discrete level, the difficulty consists in ensuring the compatibility between the mass conservation equation, the constraint on the velocity field, and the treatment of the convection terms in the momentum equation. We first focus on the case of a divergence free constraint since in this case the model is the well-known variable density incompressible Navier-Stokes system. We prove the existence of discrete solutions and establish the energy-stability of the scheme. We then give examples of more intricated constraints that can be treated and performed numerical simulations to illustrate the performances of the method. Shape from shading (SfS) is a technique in image processing which is used for the visualization of a single 2D image/photograph as a 3D model by solving a boundary value problem. In this, the solution of PDE is obtained as a function of reflected lights and shades is used to infer the shape of the surface in view. Until a few years ago, a very common assumption in the field of SfS was that image projection is orthographic. However, perspective projection is more realistic model when we talk about the formation of an image. This paper deals with a new formulation of SfS model for recovering the surface heights from the given shaded image. The perspective projection model of photometric stereo is used to utilize PDE techniques to model the problem. The uniqueness and existence of the solution of our model under various assumptions have been discussed. Two different numerical algorithms have been used to evaluate the validity of the proposed model with some synthetic images. Finally, some results have been given to demonstrate the method on real-life images. From the detailed experimental study, we conclude that using methodologies common in the field of Shape-from-Shading it is possible to recover more depth information for the photometric stereo problem under the more realistic perspective projection assumption.
Some fixed point theorems with applications in differential equations Fixed point theory is a promising tool for modern mathematicians in showing existence, and sometimes, uniqueness. Also for the area of differential equations, fixed point theory has made it easier to study the existence and uniqueness of the solutions, or even the question of well-posedness. In this present talk, we will present some fixed point theorems, which eventually helps guarantee the existence of some classes of differential equations. In this case, we consider the non-homogeneous parabolic equations and fractional integral inclusion, for examples.
A multiplicity result for p(x)-Laplace type operator in Ω Seung dae Lee Sangmyung University, Korea 1107lsd@gmail.com
Yun-Ho Kim
In this talk, we study the following elliptic equations with variable exponents −div(φ(x, |∇u|)∇u) = λf (x, u) in Ω u = 0 on ∂Ω Under suitable conditions on φ and f , we establish the existence of at least three solutions of the above equations by using the three critical point theorem due to Ricceri.
Higher order Schrödinger and Hartree-Fock equations with Coulomb potential
Vanessa Lleras Montpellier University, France vlleras@univ-montp2.fr
R. Carles and E. Moulay
In this presentation, we extend the domain of validity of the higher order Schrödinger equations to the use of a Coulomb potential. We can use it for instance for the alpha particles which are fast charged semi-relativistic particles coming from the alpha decay and composed of 2 protons and 2 neutrons. Furthermore we develop higher order Hartree-Fock equations with bounded and Coulomb potentials which are able to take into account some relativistic effects in many particle physics, as for example the electrons of heavy atoms in quantum chemistry... The numerical simulations are in progress.
General homogenization of a bendingtorsion theory for inextensible rods from 3D elasticity
Maroje Marohnic University of Zagreb, Croatia maroje.marohnic@math.hr
Igor Velcic
We derive, via Γ-convergence techniques, the equations of a homogenized bending rod starting from 3D nonlinear elasticity equations. The main assumption is that the energy is of the order h 2 (after dividing by the order h 2 of vanishing volume) where h is the thickness of the body. We do not presuppose any kind of periodicity and work in the general framework. The result shows that, on a subsequence, we always obtain the equations of bendingtorsion rod and identifies, in an abstract formulation, the limiting quadratic form connected with that model. This is a generalization from periodic to non-periodic homogenization of a bending-torsion rod theory already present in the literature.
On the free vibration of shells. Theoretical approach and numerical approximations.
Jose Miguel Martinez Valle
Universidad de Cordoba, Spain jmvalle@uco.es
The dynamic study of shells is a subject of undoubted interest. There are a lot of shell structures with different shapes such as cylindrical shells, elliptic paraboloid or spherical shells; however, the dynamic analysis of this kind of structures is rather limited. Most studies refer to shallow and thin shells. In this work, the equations that govern this problem are analyzed. It will be seen that these equations constitute a nonlinear system of differential equations whose analytical solution is only possible for very simple geometries, boundary conditions and loads. It is also described different finite element methods in order to perform the study of the vibrational frequencies of transverse oscillations of moderately thick shells and discussed the different kinds of mass matrices, lumped and consistent mass matrices.
Static and dynamic analysis of plates. Evolution and numerical approach. In this paper, we study the existence and uniqueness of solutions for a nonlinear fractional boundary value problem. New results are established using a Banach contraction principle and Schaefer's fixed point theorem.
Small perturbations of a nonlinear plate equation with p-Laplacian
Rodrigo Monteiro University of Sao Paulo, Brazil monteiro@icmc.usp.br
T. F. Ma
We consider plate equations with a small non-autonomous perturbation of type
defined in bounded 2D domain. Under subcritical growth for f we prove the existence of global pullback attractors and upper-semicontinuity with respect to .
A constructive existence proof for a moving boundary fluid-composite structure interaction problem
Boris Muha
University of Zagreb, Croatia borism@math.hr Suncica Canic
Motivated by modeling blood flow in human arteries, we study a fluid-structure interaction problem in which the structure is composed of multiple layers, each with possibly different mechanical characteristics and thickness. In the problem presented in this talk the structure is composed of two layers: a thin layer modeled by the 1D wave equation, and a thick layer modeled by the 2D equations of linear elasticity. The flow of an incompressible, viscous fluid is modeled by the Navier-Stokes equations. The thin structure is in contact with the fluid, thereby serving as a fluid-structure interface with mass. The coupling between the fluid and the structure is nonlinear. The resulting problem is a nonlinear, moving-boundary problem of parabolic-hyperbolic-hyperbolic type. We will show that the model problem has a well-defined energy, and that the energy is bounded by the work done by the inlet and outlet dynamic pressure data. The spaces of weak solutions reveal that the presence of a thin fluidstructure interface with mass regularizes solutions of the coupled problem. We will present the main steps of a constructive proof of an existence of a weak solution for the considered problem. Theoretical results will be illustrated with numerical examples.
Controlling the kinetic energy spectrum in atmospheric turbulence
Keith Myerscough CWI, Amsterdam, Netherlands keith@cwi.nl Jason Frank, Ben Leimkuhler
Small scale dissipation plays a vital role in establishing an equilibrium energy spectrum in 2D (atmospheric) turbulence. Because Global Circulation Models cannot represent these dissipative scales they require other methods to ensure dissipation at the smallest resolved scales. Such methods commonly involve the artificial dissipation of energy from these scales, not only resulting in a perturbed kinetic energy spectrum, but also prohibiting the growth of small scale instabilities. We propose attributing higher priority to known equilibrium statistical properties of fluid flow, at the expense of strict adherence to the model equations. In particular we augment the simulation of a 2D turbulent flow in a periodic box with a control such that the average kinetic energy spectrum is maintained when the resolution of the numerical method is insufficient to resolve the dissipative scales. The chosen target kinetic energy spectrum may be taken from data, from a high fidelity simulation of from theoretical predictions (Kolmogorov, KLB).
Homogenization of nonlinear systems
Antonio Jesús Pallares Martín Universidad de Sevilla, Spain ajpallares@us.es Marc Briane, Juan Casado-Díaz, Manuel Luna-Laynez
The homogenization theory provides a mathematical framework for the analysis of composite materials with complete generality. In this work, we study the homogenization of systems of nonlinear equations. We seek conditions for the Γ-limit of a sequence of equi-coercitive upper unbounded functionals to be of the same type, at least for the regular functions. It is well known that in the case of equations, it is enough to assume weak compactness in L 1 of the coefficients. However, since that result is based on the maximum principle, this is not true for systems in general. Consequently, we obtain other conditions which are applicable to systems.
Dynamic Parameters Target Recognition for Port Protection System
Mohamad Nakcha HIAST Institute, Syria dnakshi@yahoo.com Einas Alhaji, Mohamad Alchaita Dynamic Parameters Target Recognition for Port protection System Abstract The dynamic system helps designers to reach solution for some hard situation. With noisy environments, the rise in underwater intrusion technologies promotes terrorist groups to increase their attacks. A dynamic monitoring system approach is discussed in this pa-per. This approach considers the site investigation using combining equipment types such as sonar, hydrophones, communication tools, multithreading software programs, dynamic parameters adjustments and so on, to get the maximum available data. After that, results data will be analyzed and sent to an appropriate processing part to detect any intruders' threat. Design simulation was developed and tested. Hardware prototype was built with new software versions. The recent trial result is shown, and trial results illustrated.
Zonal Controllability of fuzzy Semilinear system
Purnima Pandit The M. S. University of Baroda, India pkpandit@yahoo.com
Controllability is one of the important aspects for a dynamical system. In parabolic system controllability can be achieved using boundary or zonal control. The case of fuzzy zonal controller arises when there is imprecision regarding the zone over which the controller is applied. We discuss the results regarding the existence of such controller. The algorithmic approach for implementation for such a controller is given and illustrated with example.
A permutation encoding the connecting orbit structure of slowly non-dissipative systems Juliana Pimentel University of Lisbon, Portugal pimenteljfs@gmail.com
Carlos Rocha
We consider non-dissipative dynamical systems generated by scalar reaction-diffusion equations. In particular, we address the recently introduced class known as slowly non-dissipative systems, which comprises those systems exhibiting blow-up only in infinite time. By extending known results, we are able to obtain a complete decomposition of the non compact global attractor. The existence of unbounded trajectories on the attractor requires the introduction of some objects interpreted as equilibria at infinity, yielding a more complex orbit structure than that appearing on dissipative systems. Under this setting, we still manage to determine the heteroclinic connections based on the Sturm permutation method.
On recovery of harmonic functions from partial boundary data respecting internal pointwise values (Γ) on Γ ⊂ ∂Ω. Assuming the domain boundary ∂Ω to be a Jordan curve of Hölder class, by conformal invariance, we may con-sider Ω to be the unit disk. To regularize this ill-posed Cauchy problem, we cast the following norm-constrained best approximation problem: given f ∈ L 2 (Γ) and a regularizing parameter M > 0, we search for g ∈ H 2 (Ω), an analytic function in the disk with L 2 (∂Ω) trace, such that g − f L 2 (Γ) is minimal and g L 2 (∂Ω\Γ) ≤ M . We investigate a more general formulation of this bounded extremal problem, when there is additional a priori information: we require the analytic function to take on prescribed pointwise values inside Ω. We prove wellposedness of this problem and propose a new computationally efficient method for its solution. The complexanalytic framework allows natural interpretation of pointwise interpolation conditions inside Ω. This may find numerous applications such that those where physical locations of measurements (sensor positions) are not well aligned along Γ but instead partly fall inside Ω. The present approach makes it possible to take into account such outlying measurements rather than discard them when constructing the interpolation functions u 0 , ω 0 or else modify the boundary of the domain into a less regular one.
Absorbing boundary conditions and geometric integration for two coupled wave equations
Ana Portillo Universidad de Valladolid, Spain anapor@mat.uva.es Isaías Alonso-Mallo Initial value problems with two coupled wave equations are considered. The problem is discretized in space using fourth order implicit finite differences. In order to reduce the computation to a bounded domain, absorbing boundary conditions are deduced. Well posed systems with fifth order of absorption for the diagonalizable case, and third order of absorption for the non diagonalizable one, are obtained. When there are two very distinct velocities, a part of the solution is absorbed while another substantial part of the solution is still left inside the computational interval. This leads to longer time computation which supports the simultaneous use of geometric methods and absorbing boundary conditions. Advantages and disadvantages of the use of a symplectic time integrator are displayed by means of some numerical experiments.
Semi-discrete weakly damped nonlinear Klein-Gordon Schrodinger system
Marilena Poulou University of Aegean, Greece mpoulou@aegean.gr Goubet O.
We consider a semi-discrete in time relaxation scheme to discretize a damped forced nonlinear Klein-Gordon Schrödinger system. This provides us with a discrete infinite-dimensional dynamical system. We prove the existence of a finite dimensional global attractor for this dynamical system.
An automatic cleaning algorithm for nonlinear wave equations
Nuria Reguera Universidad de Burgos, Spain nreguera@ubu.es I. Alonso-Mallo
In this work we propose an automatic algorithm, based on a cleaning procedure, for detecting and generating solitary waves of nonlinear wave equations. It is an improvement of the iterative cleaning technique frequently used in the literature. Our algorithm carries out dynamic simulations in which the initial condition evolves with time into a main pulse along with smaller dispersive tails. The numerical solution is analyzed at each time step, checking conditions about the conservation of the amplitude and about the symmetry. Moreover, a cleaning strategy is applied in an automatic way for a suitable period of time inside an appropriate region of space until a solitary wave is obtained with the required precision.
The Asymptotic behavior of the Euler equations
Jaiok Roh Hallym University, Korea joroh@dreamwiz.com
In this talk, we will consider the two dimensional Euler equations in R 2 . And, for a given smooth initial condition u 0 ∈ L p (R 2 ), with compact supported vorticity, we will show that L p -norm of the smooth solution u(t) can not decay faster than t
Also, we will show that such solutions can not grow faster than t 1 3 ( 2 p −1) as t → ∞, for 1 < p < 2. Moreover, we will also look at for an exterior problem of the two dimensional Euler equations.
Heat content asymptotic propagation in compact domains with discontinuous transmission boundary conditions
Anna Rozanova-Pierrat Ecole Centrale Paris, France anna.rozanova-pierrat@ecp.fr Claude Bardos, Denis Grebenkov
We consider a heat problem posed in R n with discontinuous coefficients over ∂Ω and discontinuous boundary transmission conditions with a resistance coefficient λ:
where Ω represents a "hot body" and R n \ Ω is a "cold" one. We obviously suppose that We will introduce the problem of the validity of the Boltzmann equation. After a brief review, we focus on the case of a classical system of N particles interacting by means of a short range potential. We show that, in the low-density limit, the system behaves as predicted by the associated Boltzmann equation. This is an extension of the unpublished thesis by King (appeared after the well known result of Lanford for a system of hard spheres). Our analysis applies to any stable and smooth potential.
The results presented are obtained in collaboration with M. Pulvirenti and S. Simonella.
The basis of the space of spherical polynomials with quadratic forms 
In this paper the spherical polynomials with quadratic form of five variables are constructed and the basis of the space of these spherical polynomials is established.
Initial propagation of support in thin film flow equation
Andrey Shishkov Institute of Appl.Math.and Mech.,Donetsk, Ukraine aeshkv@yahoo.com
We study the behavior for small time of interfaces connected with supports of strong solutions to the Cauchy problem for thin-film equation with compactly supported initial function. We obtain in some sense sharp upper estimates of mentioned interfaces for initial functions with arbitrary asymptotic behavior near to the boundary of their supports.
Plane wave and traveling wave solutions induced by time-delay feedback in an oscillatory reaction-diffusion system
Michael Stich
Aston University, England m.stich@aston.ac.uk
The supercritical Hopf bifurcation is one of the simplest ways that a stationary state in a nonlinear system can undergo a transition to sustained oscillations. If we are considering a reaction-diffusion system, the dynamics of a system that undergoes such a bifurcation is described by the complex Ginzburg-Landau equation (CGLE). The CGLE possesses a wide range of solutions, including regimes of spatiotemporal chaos. Time-delay feedback is a very efficient way to control chaotic states and replace them by regular solutions. In this work, plane and traveling waves are studied as solutions of a one-dimensional CGLE subjected to local and global time-delay feedback terms. The onset is described as an instability of the uniform oscillations with respect to spatially periodic perturbations. The solutions of the different wave patterns are given analytically and compared to numeric computations.
of naturally fractured reservoirs, has found applications in biomechanics. In the recent years, a great attention has been paid to the theories of poroelasticity taking into account the thermal effects. We shall consider the dynamical case of the coupled linear theory of thermoelasticity for solids with double porosity 
Numerical Analysis of One Partial Delay Differential Equation of Cell Replication and Maturation Process
Solodushkin Svyatoslav Ural Federal University, Russia solodushkin s@mail.ru
We consider a first order partial differential equation with a time delay and a retardation of a state variable. Coefficients are assumed to be dependent on state variable. Equations of this type arise in a cell replication modelling when cells are structured by age and maturity. As a part of qualitative analysis we formulate the Cauchy problem, give a definition of a solution and provide conditions that sufficient for the existence, uniqueness and stability of a solution. We construct a family of grid schemes for the numerical solution of this equations and prove the convergence of the second-order method coordinatewise and do that of the first-order with respect to time. We apply constructed scheme for the numerical investigation of time-age-maturation structured cell population. Departing from a generalized Burgers-Huxley partial differential equation, we provide a Mickens-type, nonlinear, finite-difference discretization of this model. The continuous system is a nonlinear regime for which the existence of traveling-wave solutions has been established previously in the literature. We prove that the method proposed also preserves many of the relevant characteristics of these solutions, like the positivity, the boundedness, and the spatial and the temporal monotonicity. The main results provide conditions that guarantee the existence and the uniqueness of monotone and bounded solutions of our scheme. The technique was implemented and tested computationally, and the results confirm both a good agreement with respect to the traveling-wave solutions reported in the literature, and the preservation of the mathematical features of interests.
On the Lame-Clapeyron-Stefan problem with a convective boundary condition on the fixed face We obtain the equivalence for the two-phase Lame-Clapeyron-Stefan problem for a semi-infinite material between the temperature and convective boundary conditions at the fixed face, in the case that an inequality for the convective heat transfer coefficient is satisfied. Then, an inequality for the coefficient which characterizes the solid-liquid interface of the classical Neumann solution is also obtained. Moreover, for the corresponding one-phase problem the Solomon-Wilson-Alexiades mushy region model is studied when a convective or a heat flux boundary condition on the fixed face is imposed.
Linearized problem for viscous free surface flow
Kyoko Tomoeda Setsunan University, Japan tomoeda@mpg.setsunan.ac.jp
Yoshiaki Teramoto
We consider the linearized problem describing motion of a viscous incompressible fluid flow down an inclined plane under the effect of gravity. We formulate the problem for downward periodic disturbances from the laminar steady flow as an evolution equation in the product of some Sobolev spaces. It is crucial to study qualitative behavior of solutions that the operator arising in the linearized problem has compact resolvent operators and generates an analytic semigroup in the above space. In this talk we will talk about the construction of the resolvent operator.
A new way for decreasing of amplitude of wave reflected from artificial boundary condition for 1D nonlinear Shrodinger equation In this report, we focus on computation performance enhancing at computer simulation of a laser pulse interaction with optical periodic structure (photonic crystal). As rule, a photonic crystal length is about 0.1-1 µm. In this case, the length of domain corresponding to linear propagation of laser pulse is many order of magnitude larger than the photonic crystal length. Therefore, decreasing the domain before the photonic crystal one can essentially increases a computation performance. With this aim, firstly, we provide a computation in linear medium and preserve the complex amplitude at chosen section along coordinate laser light propagates. Then we use this time-dependent value of complex amplitude as left boundary condition for the 1D nonlinear Schrödinger equation in decreased domain containing a nonlinear photonic crystal. Because we reformulate the problem we have to take into account two waves propagating in both direction. However, part of a laser pulse reflects from faces of photonic crystal layers. Therefore, we use artificial boundary condition. To decrease amplitude of the reflected wave we introduce in consideration some additional number of waves related with the equation under consideration.
Peculiarities of iteration process convergence assessment for semiconductor plasma generation problem by femtosecond pulse In this report, we develop conservative finite-difference scheme (CFDS) for the problem of semiconductor plasma generation induced by femtosecond laser pulse propagating in semiconductor placed in an external electric field. This process described by set of non-stationary 2D differential equations formulated to both free-electron concentration and ionized donor concentration together with Poisson equation for potential of electric field induced by plasma. Proposed CFDS is based on an original two-step iteration process which is applied to the set of equations. Its using results in both its applicability for problems with complicated boundary conditions and an asymptotic stability of the finite-difference scheme. Last property provides computations on long time interval without losing the conservatism of the finite-difference scheme. For solving the Poisson equation, we use additional iteration process. Thus, to solve the main problem it is necessary to achieve convergence of two iterative processes. Computer simulation results show that the choice of criterion for iterative process stopping can significantly affect on the accuracy of computation. For stopping of the global iteration process, we use the criterion, which is based on comparison of absolute and relative solution deviation at each iteration. For Poisson equation, the criterion of iteration stopping is: modulus of discrepancy is less than chosen accuracy.
Plate models in elasticity by simultaneous homogenization and dimensional reduction
Igor Velcic University of Zagreb, Croatia igor.velcic@fer.hr Peter Hornung, Stefan Neukamm
We will start from 3D nonlinear elasticity and by means of Γ-convergence derive the models for bending plate, starting from the oscillating material with the oscillations of order ε(h), where h is the thickness of the plate. Depending on the relation between the oscillations of the material and thickness we obtain diffent models. We recognize different situations: ε(h) h, ε(h) ∼ h and ε(h) 2 h ε(h). In the case ε(h) ∼ h the model depends on the additional parameter γ = h ε(h) . We also explain why is the regime h ∼ ε(h) 2 critical.
Ambrosetti-Prodi-type problems for quasilinear elliptic equations with nonlocal boundary conditions on non-smooth domains
Alejandro Velez-Santiago University of California, Riverside, USA alejovelez32@gmail.com
Let Ω ⊆ R N be a bounded Lipschitz domain, for N ≥ 2. We investigate the solvability and regularity of the so called "Ambrosetti-Prodi problem" involving the p-Laplace operator, and a sort of nonlocal Neumann boundary conditions that involve a nonlocal Besov operator. Using a priori estimates, regularity theory, a sub-supersolution method, and the Leray-Shauder degre theory, we obtain a necessary condition for the nonexistence of solutions (in the weak sense), the existence of at least one minimal solution, and the existence of at least two distinct solutions. Moreover, when the boundary value problem is solvable, we prove that the weak solutions are Hölder continuous over Ω.
Asymptotic analysis of Poisson's equation in thin domains with oscillatory boundaries
Manuel Villanueva-Pesqueira Universidad Complutense de Madrid, Spain manuelvillanueva@mat.ucm.es José M. Arrieta
We analyze the limit behavior of solutions to Poisson's equation with Neumann boundary conditions in a thin domain with a highly oscillatory behavior. Our thin domains are given by
where G is a smooth function and G(x, ·) is l(x)−periodic, with the function l(·) not being necessarily constant. Notice that, instead of the classical periodicity hypothesis, we consider thin domains where the oscillations are locally periodic in the sense that both the amplitude and the period of the oscillations may not be constant and actually they vary in space. We are interested in understanding the influence of both, the varying amplitude and period of the function G, in the limit homogenized problem. We obtain the asymptotic homogenized limit as the thickness parameter tends to zero and provide some correctors by extending the Unfolding Method to the locally periodic media. We will also present how to adapt the main ideas of this extension to other locally periodic cases like reticulated or perforated domains.
Homogenization for double porosity models for incompressible flow in a fractured reservoir v(t, x) → 0, b(t, x) → ( 1 ε , 0) , when |x| → ∞. We study the propagation of a ring wave in a stratified fluid over a prescribed shear flow. A weakly-nonlinear 2+1-dimensional long wave model is derived for internal and surface ring waves from the full set of Euler equations with background stratification and shear flow, written in cylindrical coordinates, subject to the boundary conditions typical for the oceanographic applications. Some particular cases of this equations are introduced.
In the absence of the shear flow and stratification, the derived equation reduces to the cylindrical Korteweg -de Vries type equations obtained by V.D. Lipovskii and R.S. Johnson. The features of the ring waves are then studied numerically using a finite-difference code for the derived model.
